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Synopsis 
 
The many health benefits associated with sports participation are well-documented, and include 
reduced risk of lifestyle-related disease, improved mood, and enhanced quality of life. However, 
sport also carries an inherent risk of injury. Sport-related injury patterns among Para athletes 
have been described with increasing frequency since the 1980’s. This critical review summarizes 
data from 47 fulltext manuscripts that describe musculoskeletal injuries in Para athletes. Seated 
Para athletes sustain upper extremity injuries more commonly, while ambulant Para athletes 
frequently sustain lower extremity injuries. The upper extremity, including shoulder, elbow, and 
wrist/hand, is the most commonly injured anatomical area in all Para athletes, unlike able-bodied 
athletes for whom lower extremity injuries predominate. Increased age and spinal cord injury 
may increase risk of upper extremity injury. Sprains, strains, blisters and lacerations are the most 
common injuries among Paralympians, and winter Paralympic sports carry higher risk of head 
injury, fracture and contusion, possibly due to the high-velocity elements. Male and female 
summer Paralympic athletes have similar overall injury rates, and Football 5-a-side, Para 
powerlifting, Goalball, Wheelchair fencing, and Wheelchair rugby are consistently the highest-
risk sports. Para ice hockey, alpine skiing, and snowboarding are the highest-risk winter sports. 
Upper and lower extremity injury rates match in winter sport, unlike summer sport trends. Injury 
data for recreational and youth Para athletes are sparse. Summarizing current injury 
epidemiology data may help accelerate the development of injury prevention strategies and 
lifetime injury models for Para athletes. 
 
 
Key Points (3-5): 
1. Seated Para athletes sustain upper extremity injuries more commonly, while ambulant 
Para athletes frequently sustain lower extremity injuries. 
2. The upper extremity is the most commonly injured anatomical area in all Para athletes, 
unlike able-bodied athletes for whom lower extremity injuries predominate, but minor 
soft tissue injuries are the most common injuries among Para athletes, similar to injury 
patterns observed among able-bodied athletes. 
3. Football 5-a-side, Para powerlifting, Goalball, Wheelchair fencing, and Wheelchair rugby 
are consistently the highest-risk summer Paralympic sports while Para ice hockey, Para 
alpine skiing, and Para snowboarding are the highest-risk winter Paralympic sports. 
4. Compared to elite Para athletes, recreational and youth Para athletes remain under-
studied in the literature. 
 
Key Words (5-8): Injury epidemiology, musculoskeletal injury, Paralympic sport, Para athlete, 
review
Introduction 
 
Congenital and acquired disabilities increase baseline risk of lifestyle-related disease:1 obesity 
and its attendant medical comorbidities are nearly four times higher among those with 
disabilities compared to the general population.2,3 Physical activity and sport are thus important 
preventive health strategies for persons with impairment.4 The term ‘Para athlete’ is the 
International Paralympic Committee’s (IPC) general term for sportspersons with impairment, 
and signifies athletes who compete at all levels. Similarly, the term ‘Para sport’ encompasses 
both recreational and elite levels of competition. In contrast, the terms ‘Paralympian’ and 
‘Paralympic sport’ connote the highest level of international competition, the Paralympic Games. 
Thus, Paralympians are a sub-set of Para athletes who have competed at the Paralympic Games. 
Over the past decade, sport for Para athletes has increased in popularity and visibility.5,6 Like 
their able-bodied counterparts, Para athletes may enjoy the well-documented health benefits of 
increased physical activity.1,7-13 Sport has a particularly positive impact on mental health indices 
for athletes with impairment, including life purpose, self-acceptance and autonomy, whilst it also 
reduces healthcare costs.14,15 
 
All sports carry an inherent risk of injury and this is no different for Para sport.16,17 
Musculoskeletal injury epidemiology among Para athletes is similar to able-bodied sports injury 
patterns e.g. strains, sprains, contusions and lacerations are most common.18-22 However, the 
biomechanics of Para athlete injury are Para sport specific and relate to impairment, level of 
competition, mechanism, anatomical area and equipment-specific factors.23-28  
 
The aim of this critical review is to summarize current literature on the epidemiology of 
musculoskeletal injuries in Para athletes, and to discuss apparent research gaps.29-31  
 
 
Methods 
 
Five electronic databases were searched between May 31 and June 21, 2017, for relevant articles: 
Ovid Medline (1946 to June Week 2, 2017), Ovid Medline In Process & Other Non-Indexed 
Citations, Ovid Embase (1974 to 2017 June 15), Cumulative Index to Nursing and Allied Health 
(CINAHL) and Web of Science. Controlled vocabulary and free text terms were used. The Yale 
MeSH Analyzer (http://mesh.med.yale.edu) was used in the initial stages of strategy formulation 
to harvest controlled vocabulary and keyword terms from highly relevant, known articles. The 
search strategy for Ovid MEDLINE is documented in Appendix 1. 
 
Inclusion criteria were (a) written in the English language; (b) published in a peer-reviewed 
journal or book between January 1975 and June 2017; (c) inclusive of athletes with impairment 
participating in recreational or elite Para sports; and (d) describe sports-related injury/injuries to 
the musculoskeletal system including acute traumatic and/or chronic overuse injury to the 
appendicular and/or axial skeleton. Exclusion criteria were (a) non-English; (b) non-inclusive of 
athletes with impairment; (c) focused on injury/pathology unrelated to sports; (d) review(s).  
 
Prior to the removal of duplicate articles, the search yielded a total of 993 citations. This was 
reduced to 871 following the removal of duplicate records using the duplicate detection function 
of EndNote X7. Citations with abstracts were ingested into Covidence, a screening and data 
extraction tool. Two screeners selected 174 records for fulltext review, of which 47 citations 
were selected based on predefined inclusion/exclusion criteria (see Figure 1). 
 
A number of analyses utilized retrospective data within a cross-sectional study design. For 
example, a cohort of athletes competing at a single tournament may have been asked to report 
demographic data, describe their impairment(s), and recall past musculoskeletal injuries, in a 
single survey administered at a single point in time. In these instances, for the sake of 
consistency, we have designated these studies ‘cross-sectional,’ which refers to the study design. 
Table 1 summarizes study characteristics for all fulltext articles included in the review.  
 
 
Table 1. Study Characteristics 
 
Results 
 
Summary of Search Results  
 
Figure 1. Summary of Search Results 
*Cumulative Index to Nursing and Allied Health 
 
 
Eligible Impairment Categories 
 
Historically, the IPC organized athlete impairment categories in the same way a clinician might, 
by diagnosis: spinal cord related disability, cerebral palsy, amputee or limb deficiency, and 
visual impairment. Athletes with physical impairments not fitting these categories were classified 
as ‘Les Autres’ (the others Fr.). Athletes with an intellectual impairment were later included, as 
well.32,33 Recently, the impairment classification system was revised; categories now reflect the 
impact of the impairment on sport-specific function and are summarized in Table 2.34  
  
Table 2. International Paralympic Committee Eligible Impairment Categories 
 
 
In the literature, sport-related injury patterns have been organized by impairment-type, sport, 
and/or season (summer versus winter), among other factors. This discussion will refer to updated 
impairment categories as often as possible, and will organize sport-related injury epidemiology 
by season. 
 
General Injury Trends in Summer and Winter Para Sports 
 
During both summer and winter sports, seated Para athletes generally sustain upper limb injuries 
more commonly, while ambulant Para athletes frequently sustain lower extremity injuries 
(Figure 2).26,29,35,36 The upper extremity, including the shoulder, elbow, and wrist/hand, is the 
most commonly injured anatomical area in all Para athletes,19,26,29,37-39 unlike able-bodied 
athletes for whom lower extremity injuries predominate.37 Increased age and spinal cord injury 
may increase the risk of upper extremity injury, generally, and shoulder muscle imbalance 
(comparative weakness of the shoulder rotators and adductors) may contribute to seated athletes’ 
shoulder pathology.31,40 Male and female summer Para athletes typically have similar overall 
injury rates41 but certain sporting environments carry higher risk. In the summer Paralympic 
Games setting, Football 5-a-side, Para powerlifting, Goalball, Wheelchair fencing, and 
Wheelchair rugby consistently have high injury rates,41,42 with Football 5-a-side carrying the 
highest overall risk (Figure 3).42,43 Polish scientists have demonstrated that mandatory periodic 
health evaluations in the lead up to summer Paralympic Games may result in reduced overall 
injury rates, and improved performances.44 
 
Figure 2. Seated Para athletes generally sustain upper limb injuries more commonly, while ambulant Para athletes 
frequently sustain lower extremity injuries. 
Overall injury incidence rate (IR) at the Sochi 2014 winter Paralympic Games was two times 
higher than the IR at the London 2012 summer Paralympic Games.45 While sprains, strains, 
blisters and lacerations are the most common injuries among all Paralympians,19 winter 
Paralympic sports generally carry a higher risk of head injury, fracture, and contusion, possibly 
due to the high-velocity elements of competition.45 Of note, high-velocity Para cycling (a 
summer sport) also poses this risk.46-48 Para ice hockey (formerly called ice sledge hockey), Para 
alpine skiing, and Para snowboarding are particularly high-risk winter sports; Para alpine 
skiing/snowboarding has the highest injury risk (see Figure 3).45  
 
As Webborn et al. have shown, certain injuries can be controlled by the introduction of sport-
specific equipment regulations, discussed in more detail below.49,50 Among all winter sports, 
upper extremity and lower extremity injury rates match, unlike summer sport injury trends.45 
Para cross country (previously called Nordic skiing/biathlon), and Wheelchair curling continue 
to have the lowest injury risk among winter Paralympic sports.25,49 Certain identified sports will 
now be covered in greater detail. 
 
 Figure 3. Summer and winter Paralympic sports with the highest risk of injury.  
 
Summer Sports 
 
Athletics 
  
Para athletics (track and field) is studied more than any other Para sport.51 At all levels of 
competition including youth, soft tissue injuries including muscle contusions, skin abrasions, 
sunburn and decubitus ulcers are more common than ominous injuries such as fractures; and 
chronic overuse injuries are more common than acute traumatic injuries.47,52-55 Premature return 
to sport may contribute to the chronicity of certain injuries.47 Wheelchair track athletes may 
develop upper extremity mononeuropathies while amputee athletes may experience residual limb 
pain and injury.23,56 Intellectually impaired athletes incur more injuries in track and field than 
most other sports.57 Visually impaired track athletes are at particularly high risk of chronic 
overuse lower extremity injury.19,58 For example, Magno e Silva et al. have documented 78% 
overall injury prevalence and an incidence rate of 1.93 injuries per visually impaired track athlete 
over a typical competitive season, within an internationally competitive track and field team.58 
 
At the London 2012 Paralympic Games, overall injury IR was 22.1 injuries per 1000 athlete days 
in Para athletics.59 There was no significant difference in IR between track versus field athletes, 
but injury patterns were specific to event and impairment-type. In track events, ambulant athletes 
with cerebral palsy suffered a lower overall injury incidence rate (IR, 10.2; 95% CI, 4.2-16.2) 
compared to ambulant athletes in different impairment categories. Most injuries did not result in 
time loss from training or competition. Ambulant athletes experienced the greatest proportion of 
thigh injuries (16.4% of all injuries; IR, 4.0) predominantly on the track, and seated athletes 
experienced the greatest proportion of shoulder/clavicle injuries (19.3% of all injuries; IR, 3.4) 
predominantly in the field. Athletes in seated throwing events suffered a higher incidence of 
injury (IR, 23.7; 95% CI, 17.5-30.0) as compared to athletes in wheelchair racing events (IR, 
10.6; 95% CI, 5.5-15.6).59  
 
Football (5-a-side, 7-a-side, Intellectual Impairment, Amputee) 
 
Football for athletes with visual impairment (5-a-side), hypertonia (7-a-side), intellectual 
impairment or amputation involves significant injury risk. Representative injury prevalence data 
is as follows: over 23 matches, injury prevalence among a cohort of national-level Brazilian 
players was 84.6%.60 On the other hand, representative injury incidence data is as follows: at the 
London 2012 Paralympic Games, Football 5-a-side had the highest IR of all 22 sports: 22.4 
injuries/1000 athlete-days (injury incidence proportion 31.4 injuries per 100 athletes), while the 
IR for Football 7-a-side was only 10.4/1000 athlete-days (injury incidence proportion 14.6 
injuries per 100 athletes).43  
 
Collision- and foul-play-related, acute traumatic injuries tend to predominate in elite Football 5-
a-side.41,43,60 By anatomical area, lower limb (knee, then feet, ankle, thigh) followed by head, 
spine and upper limb are affected. Common diagnoses include contusion, sprain, tendinopathy 
and more recently, head injury.42,61 High school Para athletes also experience the highest rates of 
injury playing football compared to other sports, and minor, collision-related lower extremity 
injuries predominate.62 Finally, injury patterns and rates among footballers with limb 
amputations appear to be similar to those found among able-bodied footballers.23  
 
Swimming 
 
Chronic overuse injuries are more common than acute traumatic injuries among elite Para 
swimmers, and there do not seem to be significant differences between injury patterns or rates 
based on gender or classification category.63 The highest proportion of injuries occurs in the 
trunk, upper extremity (predominantly shoulder) thoracic and lumbar spine regions. Muscle 
pain/spasm and tendinopathy are common diagnoses. Spinal cord injury or amputation, rather 
than limb deficiency, visual impairment, or other impairment may be associated with increased 
risk of muscle pain/spasm.63,64 
 
Sitting Volleyball 
 
Chronic overuse injuries are more common than acute traumatic injuries in sitting volleyball 
players. In a large cohort of prospectively studied elite players, chronic low back pain, then acute 
wrist and finger sprain, and chronic rotator cuff pathology were the most common sports-related 
musculoskeletal injuries, in order. Older players with longer duration of disability were 
disproportionately more affected by injury.65   
 
Para Powerlifting 
 
At the 2016 Rio Paralympic Games, nearly 20% of Para powerlifters reported an injury, 
predominantly in the upper extremity/shoulder.42 Furthermore, at the 2012 London Paralympic 
Games, Para powerlifters had the second highest overall IR, after Football 5-a-side: 33.3 
injuries/1000 athlete days (injury incidence proportion, 23.3 per 100 Para powerlifters). The 
majority of injuries were chronic overuse, and the shoulder/clavicle was the most injured 
anatomical area. Most injuries occurred during the competition period, there were no significant 
differences in injury pattern or rate by gender, and athletes in heavier weight classes were at 
higher injury risk.66  
 
Wheelchair Fencing 
Among a cohort of elite wheelchair fencers, 73.8% experienced upper extremity injury, 32.5% of 
which were elbow strain and 15.8% of which were shoulder strain. Those with poor trunk control 
had increased risk of injury compared to fencers with good trunk control (4.9/1000 hours versus 
3.0/1000 hours, no p value reported).67  
 
Para Cycling 
 
Literature on Para cycling injury epidemiology is sparse and includes a German-language cohort 
study.48 
 
Overhead Summer Para Sports 
 
Participation in overhead Para sports such as wheelchair basketball and tennis is a risk factor for 
upper extremity tendon, ligament, bursa, and muscle pathology, including rotator cuff (RTC) 
disease.19,41,52,68-71 Additional risk factors include advanced age, presence/duration of manual 
wheelchair dependence, and possibly, playing surface(s).64,69,72 Overuse upper extremity injuries 
are associated with repetitive motions while acute injuries are due to high-force physical 
contact.73,74 Comparing a large cohort of amateur wheelchair basketball players to a cohort of 
non-athlete wheelchair users, Akbar et al. showed a 2.09 relative risk of RTC injury (95% 
confidence interval, 1.68-2.59; P<0.001).69  
 
Concussion was recently described in 6% of a large cohort of adult recreational wheelchair 
basketball athletes.75 Sacral and ischial deep tissue injuries (DTI) are also common in seated 
overhead summer Para athletes, particularly among spinally injured players as opposed to 
players with musculoskeletal disease.76,77  
 Para Sailing and Rowing 
 
Overuse rib stress injury was reported in a single Croatian Para athlete, and authors speculate 
that this unique injury is potentially due to complete reliance on the upper extremity and torso in 
certain classes of high-level spinally injured rowers, in addition to high force transmission 
through certain areas of the body during rowing.78-80  
 
Winter Sports 
 
Para Skiing/Snowboarding 
 
There is no significant difference in overall injury rate between skiers with and without 
impairment, but patterns of injury differ.81-84 Among able-bodied skiiers, beginners are at higher 
risk of injury compared to advanced skiiers. This association is reversed in Para skiiers: elite, 
high-velocity skiiers (either seated or standing) suffer increased injury rates and severity 
compared to novice, relatively low-velocity skiiers.82,84 
 
Upper and lower extremity injuries seem to occur in equal proportion, and for seated Para skiiers 
(i.e. those using sit-skis), upper extremity injuries seem most common.25,85-87 Nordic Para skiiers 
have a significantly lower risk of injury compared to Alpine.25,87  
 
Para Ice Hockey (formerly called IPC Ice Sledge Hockey) 
 There is a similar injury incidence proportion among male and female Para Ice Hockey players at 
the Paralympic Games. Overuse upper extremity and spine injuries predominate, and 
importantly, the frequency of relatively catastrophic injuries has been reduced over time. 
Between the 2002 and 2010 winter Paralympic Games, the rates of lower limb fracture in Para 
ice hockey dropped from 33% to 2.5% after the introduction of the regulation change on 
protective equipment and sledge height.49 This illustrates the positive impact data-driven policy 
changes can have on athlete health, particularly in high-risk sports like Para ice hockey. 
Additional safety strategies including hand protection, and training programs to reduce 
intentional head-contact may be of additional benefit in this sport.88  
 
Discussion 
 
The lifetime injury model 
 
To promote health through lifelong sport and physical activity, an accurate model of long-term 
injury risk, a so-called Lifetime Injury Model, is needed for Para athletes at various stages of their 
careers.31 For reference, injury risk during and after sport has been described for able-bodied 
sportspeople e.g. increased risk of lower extremity osteoarthritis in former soccer players.89 
Understanding long-term injury risk is especially important for Para athletes who tend to be older 
than able-bodied athletes, have non-modifiable functional impairments, and among whom 
younger, recreational athletes are less frequently studied.26,90  
 
Sports injury surveillance programs can help generate data needed for a Lifetime Injury Model.91 
The comprehensive, Web-based Injury and Illness Surveillance Survey (WEB-IISS) for example, 
is currently used to prospectively capture injury and illness data at Paralympic Games (WEB-
IISS data has been referenced frequently in this review).37 While some injury patterns can be 
garnered from Paralympic data, lifetime consequences of injury remain unclear. As national and 
international Para sport federations create their own surveillance protocols and gather 
longitudinal, sport- and country-specific data, a better understanding of injury patterns in both 
recreational and elite Para sport can be achieved.90 Furthermore, internal and external factors 
such as age, skill, training intensity and volume, impairment, and secondary gain influence injury 
risk at the developmental, elite and post-playing phases of a Para athletes’ life.92 As the specific 
components of this Lifetime Injury Model become clear, coaches, athletes, and clinicians can 
help mitigate those risks.92-96 Injury research in both recreational and elite Para sport may benefit 
from the use of technology similar to WEB-IISS, longitudinal study design, focus on youth and 
recreational Para athletes, and the use of standardized multinational protocols.  
 
Conclusion 
 
Methodology, definition of injury, population, and study size varied in the 47 studies reviewed, 
which made it challenging to pool data. Still, it is clear that the literature on musculoskeletal 
injury epidemiology in Para athletes is growing: nearly 40% of the analyses reviewed were 
published within the last five years. While rates of musculoskeletal injury are similar for athletes 
with and without impairment, injury patterns differ, and injuries have magnified functional 
consequences for Para athletes.81,97-99 Prevention is therefore paramount in this population of 
athletes. Fortunately, as described, injury prevention can be achieved by integrating 
epidemiological data into evidence-based policy changes that protect athlete health during their 
competitive years.49 Furthermore, using such data to drive lifetime injury modeling can protect 
Para athlete health over the life course. 
 
  
References 
 
1. Kressler J, Cowan RE, Bigford GE, Nash MS. Reducing cardiometabolic disease in spinal cord 
injury. Physical medicine and rehabilitation clinics of North America. 2014;25(3):573-604, viii. 
2. Liou T-H, Pi-Sunyer FX, Laferrere B. Physical Disability and Obesity. Nutrition Reviews. 
2005;63(10):321-331. 
3. Rimmer JH, Wang E. Obesity Prevalence Among a Group of Chicago Residents With Disabilities. 
Archives of Physical Medicine and Rehabilitation. 2005;86(7):1461-1464. 
4. Froehlich-Grobe K, Lee J, Aaronson L, Nary DE, Washburn RA, Little TD. Exercise for everyone: a 
randomized controlled trial of project workout on wheels in promoting exercise among 
wheelchair users. Archives of physical medicine and rehabilitation. 2014;95(1):20-28. 
5. Rees L, Robinson P, Shields N. Media portrayal of elite athletes with disability - a systematic 
review. Disability and rehabilitation. 2017:1-8. 
6. Gold JR, Gold MM. Access for all: the rise of the Paralympic Games. The journal of the Royal 
Society for the Promotion of Health. 2007;127(3):133-141. 
7. Pedersen BK, Saltin B. Evidence for prescribing exercise as therapy in chronic disease. Scand J 
Med Sci Sports. 2006;16:3-63. 
8. Warburton DER, Nicol CW, Bredin SSD. Health benefits of physical activity: the evidence. CMAJ : 
Canadian Medical Association Journal. 2006;174(6):801-809. 
9. Taylor RS, Brown A, Ebrahim S, et al. Exercise-based rehabilitation for patients with coronary 
heart disease: systematic review and meta-analysis of randomized controlled trials. The 
American journal of medicine. 2004;116(10):682-692. 
10. Warburton DE, Glendhill N, Quinney A. The effects of changes in musculoskeletal fitness on 
health. Canadian journal of applied physiology = Revue canadienne de physiologie appliquee. 
2001;26(2):161-216. 
11. Dunn AL, Trivedi MH, O'Neal HA. Physical activity dose-response effects on outcomes of 
depression and anxiety. Medicine and science in sports and exercise. 2001;33(6 Suppl):S587-597; 
discussion 609-510. 
12. Cragg JJ, Noonan VK, Krassioukov A, Borisoff J. Cardiovascular disease and spinal cord injury: 
results from a national population health survey. Neurology. 2013;81(8):723-728. 
13. Blauwet C, Willick SE. The Paralympic Movement: using sports to promote health, disability 
rights, and social integration for athletes with disabilities. PM & R : the journal of injury, 
function, and rehabilitation. 2012;4(11):851-856. 
14. Paulsen P, French R, Sherrill C. Comparison of wheelchair athletes and nonathletes on selected 
mood states. Perceptual and motor skills. 1990;71(3 Pt 2):1160-1162. 
15. Fiorilli G, Iuliano E, Aquino G, et al. Mental health and social participation skills of wheelchair 
basketball players: a controlled study. Research in developmental disabilities. 2013;34(11):3679-
3685. 
16. Conn JM, Annest JL, Gilchrist J. Sports and recreation related injury episodes in the US 
population, 1997-99. Injury prevention : journal of the International Society for Child and 
Adolescent Injury Prevention. 2003;9(2):117-123. 
17. Shephard RJ. Can we afford to exercise, given current injury rates? Injury prevention : journal of 
the International Society for Child and Adolescent Injury Prevention. 2003;9(2):99-100. 
18. Nyland J, Snouse SL, Anderson M, Kelly T, Sterling JC. Soft tissue injuries to USA paralympians at 
the 1996 summer games. Archives of physical medicine and rehabilitation. 2000;81(3):368-373. 
19. Patatoukas D, Farmakides A, Aggeli V, et al. Disability-related injuries in athletes with disabilities. 
Folia medica. 2011;53(1):40-46. 
20. Batts KB, Glorioso JE, Jr., Williams MS. The medical demands of the special athlete. Clinical 
journal of sport medicine : official journal of the Canadian Academy of Sport Medicine. 
1998;8(1):22-25. 
21. Galena HJ, Epstein CR, Lourie RJ. Connecticut State Special Olympics: observations and 
recommendations. Connecticut medicine. 1998;62(1):33-37. 
22. Sobiecka J. Injuries and ailments of the Polish participants of the 2000 Paralympic Games in 
Sydney. Vol 222005. 
23. Bragaru M, Dekker R, Geertzen JH, Dijkstra PU. Amputees and sports: a systematic review. 
Sports medicine (Auckland, NZ). 2011;41(9):721-740. 
24. Kocher MS, Dupre MM, Feagin JA, Jr. Shoulder injuries from alpine skiing and snowboarding. 
Aetiology, treatment and prevention. Sports medicine (Auckland, NZ). 1998;25(3):201-211. 
25. Webborn N, Willick S, Reeser JC. Injuries among disabled athletes during the 2002 Winter 
Paralympic Games. Medicine and science in sports and exercise. 2006;38(5):811-815. 
26. Ferrara MS, Peterson CL. Injuries to athletes with disabilities: identifying injury patterns. Sports 
medicine (Auckland, NZ). 2000;30(2):137-143. 
27. Martinez SF. Medical Concerns Among Wheelchair Road Racers. The Physician and 
sportsmedicine. 1989;17(2):63-68. 
28. Miyahara M, Sleivert GG, Gerrard DF. The relationship of strength and muscle balance to 
shoulder pain and impingement syndrome in elite quadriplegic wheelchair rugby players. 
International journal of sports medicine. 1998;19(3):210-214. 
29. Fagher K, Lexell J. Sports-related injuries in athletes with disabilities. Scandinavian journal of 
medicine & science in sports. 2014;24(5):e320-331. 
30. Weiler R, Van Mechelen W, Fuller C, Verhagen E. Sport Injuries Sustained by Athletes with 
Disability: A Systematic Review. Sports medicine (Auckland, NZ). 2016;46(8):1141-1153. 
31. Webborn N, Emery C. Descriptive epidemiology of Paralympic sports injuries. PM & R : the 
journal of injury, function, and rehabilitation. 2014;6(8 Suppl):S18-22. 
32. Klenck C, Gebke K. Practical management: common medical problems in disabled athletes. 
Clinical journal of sport medicine : official journal of the Canadian Academy of Sport Medicine. 
2007;17(1):55-60. 
33. Miller MAR, K.S. Disabled athletes. In: J.D. Fortin FJFHAJ, ed. Physical Medicine and 
Rehabilitation: State of the Art Reviews. Vol 11. Philadelphia, PA: Hanley & Belfus; 1997:465-
488. 
34. IPC.  https://www.paralympic.org/classification. 
35. Burnham R. Sports medicine for the physically disabled: the Canadian team experience at the 
1988 Seoul Paralympic Games. Clinical journal of sport medicine : official journal of the Canadian 
Academy of Sport Medicine. 1991;1(3):193-196. 
36. Magno e Silva M. Aspects of sports injuries in athletes with visual impairment. Rev Bras Med 
Esporte. 2011;17(5):319-323. 
37. Derman W, Schwellnus M, Jordaan E, et al. Illness and injury in athletes during the competition 
period at the London 2012 Paralympic Games: development and implementation of a web-
based surveillance system (WEB-IISS) for team medical staff. Br J Sports Med. 2013;47(7):420-
425. 
38. Athanasopoulos S MD, Tsakoniti A, Athanasopoulos I, Strimpakos N, et al. The 2004 Paralympic 
Games: physiotherapy services in the Paralympic Village Polyclinic. Open Sports Med J. 2009;3:1-
9. 
39. Reynolds J, Stirk A, Thomas A, Geary F. Paralympics--Barcelona 1992. Br J Sports Med. 
1994;28(1):14-17. 
40. Burnham RS, May L, Nelson E, Steadward R, Reid DC. Shoulder pain in wheelchair athletes. The 
role of muscle imbalance. The American journal of sports medicine. 1993;21(2):238-242. 
41. Willick SE, Webborn N, Emery C, et al. The epidemiology of injuries at the London 2012 
Paralympic Games. Br J Sports Med. 2013;47(7):426-432. 
42. Derman W, Runciman P, Schwellnus M, et al. High precompetition injury rate dominates the 
injury profile at the Rio 2016 Summer Paralympic Games: a prospective cohort study of 51 198 
athlete days. Br J Sports Med. 2017. 
43. Webborn N, Cushman D, Blauwet CA, et al. The Epidemiology of Injuries in Football at the 
London 2012 Paralympic Games. PM & R : the journal of injury, function, and rehabilitation. 
2016;8(6):545-552. 
44. Gawronski W, Sobiecka J, Malesza J. Fit and healthy Paralympians--medical care guidelines for 
disabled athletes: a study of the injuries and illnesses incurred by the Polish Paralympic team in 
Beijing 2008 and London 2012. Br J Sports Med. 2013;47(13):844-849. 
45. Derman W, Schwellnus MP, Jordaan E, et al. High incidence of injury at the Sochi 2014 Winter 
Paralympic Games: a prospective cohort study of 6564 athlete days. Br J Sports Med. 
2016;50(17):1069-1074. 
46. Ferrara MS, Palutsis GR, Snouse S, Davis RW. A longitudinal study of injuries to athletes with 
disabilities. International journal of sports medicine. 2000;21(3):221-224. 
47. Taylor D, Williams T. Sports injuries in athletes with disabilities: wheelchair racing. Paraplegia. 
1995;33(5):296-299. 
48. Kromer P, Rocker K, Sommer A, et al. [Acute and overuse injuries in elite paracycling - an 
epidemiological study]. Sportverletzung Sportschaden : Organ der Gesellschaft fur Orthopadisch-
Traumatologische Sportmedizin. 2011;25(3):167-172. 
49. Webborn N, Willick S, Emery CA. The injury experience at the 2010 winter paralympic games. 
Clinical journal of sport medicine : official journal of the Canadian Academy of Sport Medicine. 
2012;22(1):3-9. 
50. Andrade RA, Modesto A, Evans PL, et al. Prevalence of oral trauma in Para-Pan American Games 
athletes. Dental traumatology : official publication of International Association for Dental 
Traumatology. 2013;29(4):280-284. 
51. Fagher K, Lexell J. Sports-related injuries in athletes with disabilities. Scandinavian journal of 
medicine & science in sports. 2014;24(5). 
52. Hoeberigs JH, Debets-Eggen HB, Debets PM. Sports medical experiences from the International 
Flower Marathon for disabled wheelers. The American journal of sports medicine. 
1990;18(4):418-421. 
53. Curtis KA, Dillon DA. Survey of wheelchair athletic injuries: common patterns and prevention. 
Paraplegia. 1985;23(3):170-175. 
54. Wilson PE, Washington RL. Pediatric wheelchair athletics: sports injuries and prevention. 
Paraplegia. 1993;31(5):330-337. 
55. Robson HE. The Special Olympic Games for the mentally handicapped--United Kingdom 1989. Br 
J Sports Med. 1990;24(4):225-230. 
56. Boninger ML, Robertson RN, Wolff M, Cooper RA. Upper limb nerve entrapments in elite 
wheelchair racers. American journal of physical medicine & rehabilitation. 1996;75(3):170-176. 
57. McCormick DP, Niebuhr VN, Risser WL. Injury and illness surveillance at local Special Olympic 
Games. Br J Sports Med. 1990;24(4):221-224. 
58. Magno ESMP, Winckler C, Costa ESAA, Bilzon J, Duarte E. Sports injuries in paralympic track and 
field athletes with visual impairment. Medicine and science in sports and exercise. 
2013;45(5):908-913. 
59. Blauwet CA, Cushman D, Emery C, et al. Risk of Injuries in Paralympic Track and Field Differs by 
Impairment and Event Discipline: A Prospective Cohort Study at the London 2012 Paralympic 
Games. The American journal of sports medicine. 2016;44(6):1455-1462. 
60. Magno e Silva MP, Morato MP, Bilzon JL, Duarte E. Sports injuries in Brazilian blind footballers. 
International journal of sports medicine. 2013;34(3):239-243. 
61. Webborn N, Blauwet CA, Derman W, et al. Heads up on concussion in para sport. Br J Sports 
Med. 2017. 
62. Ramirez M, Yang J, Bourque L, et al. Sports injuries to high school athletes with disabilities. 
Pediatrics. 2009;123(2):690-696. 
63. Magno e Silva M, Bilzon J, Duarte E, Gorla J, Vital R. Sport injuries in elite paralympic swimmers 
with visual impairment. Journal of athletic training. 2013;48(4):493-498. 
64. Bernardi M, Castellano V, Ferrara MS, Sbriccoli P, Sera F, Marchetti M. Muscle pain in athletes 
with locomotor disability. Medicine and science in sports and exercise. 2003;35(2):199-206. 
65. Mustafins P VA, Scibrja I. The Sport Participation Limiting Injuries, Musculoskeletal Complains 
and the SF-36v2 Health Survey Data in Paralympic Volleyball Players. International journal of 
rehabilitation research Internationale Zeitschrift fur Rehabilitationsforschung Revue 
internationale de recherches de readaptation. 2009;32(Supplement 1):S11. 
66. Willick SE, Cushman DM, Blauwet CA, et al. The epidemiology of injuries in powerlifting at the 
London 2012 Paralympic Games: An analysis of 1411 athlete-days. Scandinavian journal of 
medicine & science in sports. 2016;26(10):1233-1238. 
67. Chung WM, Yeung S, Wong AY, et al. Musculoskeletal injuries in elite able-bodied and 
wheelchair foil fencers--a pilot study. Clinical journal of sport medicine : official journal of the 
Canadian Academy of Sport Medicine. 2012;22(3):278-280. 
68. McCormack DAR, Reid DC, Steadward RD, Syrotuik DG. Injury Profiles in Wheelchair Athletes: 
Results of a Retrospective Survey. Clinical Journal of Sport Medicine. 1991;1(1):35-40. 
69. Akbar M, Brunner M, Ewerbeck V, et al. Do overhead sports increase risk for rotator cuff tears in 
wheelchair users? Archives of physical medicine and rehabilitation. 2015;96(3):484-488. 
70. Tsunoda K, Mutsuzaki H, Hotta K, et al. Correlates of shoulder pain in wheelchair basketball 
players from the Japanese national team: A cross-sectional study. Journal of back and 
musculoskeletal rehabilitation. 2016;29(4):795-800. 
71. Curtis KA, Black K. Shoulder pain in female wheelchair basketball players. The Journal of 
orthopaedic and sports physical therapy. 1999;29(4):225-231. 
72. Hoeberigs JH, Verstappen FTJ. Muscle Soreness in Wheelchair Basketballers. Vol 051984. 
73. Bergeron JW. Athletes with disabilities. Physical medicine and rehabilitation clinics of North 
America. 1999;10(1):213-228, viii. 
74. Ashton-Shaeffer C. Survey of injuries sustained by Division II and Division III wheelchair 
basketball athletes. Ann Therapeutic Rec. 2010;18:87-89. 
75. Wessels KK, Broglio SP, Sosnoff JJ. Concussions in wheelchair basketball. Archives of physical 
medicine and rehabilitation. 2012;93(2):275-278. 
76. Shimizu Y, Mutsuzaki H, Tachibana K, et al. A survey of deep tissue injury in elite female 
wheelchair basketball players. Journal of back and musculoskeletal rehabilitation. 
2017;30(3):427-434. 
77. Mutsuzaki H, Tachibana K, Shimizu Y, et al. Factors associated with deep tissue injury in male 
wheelchair basketball players of a Japanese national team. Asia-Pacific Journal of Sports 
Medicine, Arthroscopy, Rehabilitation and Technology. 2014;1(2):72-76. 
78. Smoljanovic T, Bojanic I, Pollock CL, Radonic R. Rib stress fracture in a male adaptive rower from 
the arms and shoulders sport class: case report. Croatian medical journal. 2011;52(5):644-647. 
79. Thornton JS, Vinther A, Wilson F, et al. Rowing Injuries: An Updated Review. Sports medicine 
(Auckland, NZ). 2017;47(4):641-661. 
80. McDonnell LK, Hume PA, Nolte V. Rib stress fractures among rowers: definition, epidemiology, 
mechanisms, risk factors and effectiveness of injury prevention strategies. Sports medicine 
(Auckland, NZ). 2011;41(11):883-901. 
81. Pepper M, Willick S. Maximizing physical activity in athletes with amputations. Current sports 
medicine reports. 2009;8(6):339-344. 
82. Laskowski ER, Murtaugh PA. Snow skiing injuries in physically disabled skiers. The American 
journal of sports medicine. 1992;20(5):553-557. 
83. Ferrara MS, Buckley WE, Messner DG, Benedict J. The injury experience and training history of 
the competitive skier with a disability. The American journal of sports medicine. 1992;20(1):55-
60. 
84. McCormick DP. Injuries in Handicapped Alpine Ski Racers. The Physician and sportsmedicine. 
1985;13(12):93-97. 
85. Nasuti G, Temple VA. The risks and benefits of snow sports for people with disabilities: a review 
of the literature. International journal of rehabilitation research Internationale Zeitschrift fur 
Rehabilitationsforschung Revue internationale de recherches de readaptation. 2010;33(3):193-
198. 
86. Ferrara MS, Buckley WE, McCann BC, Limbird TJ, Powell JW, Robl R. The injury experience of the 
competitive athlete with a disability: prevention implications. Medicine and science in sports and 
exercise. 1992;24(2):184-188. 
87. JM MW. Training history and sports injury profiles of athletes with a disability from the VI Winter 
Paralympic Games [Unpublished doctoral dissertation]. Alberta, Canada, University of Alberta; 
2001. 
88. Hawkeswood J, Finlayson H, O'Connor R, Anton H. A pilot survey on injury and safety concerns in 
international sledge hockey. International journal of sports physical therapy. 2011;6(3):173-185. 
89. Kuijt MT, Inklaar H, Gouttebarge V, Frings-Dresen MH. Knee and ankle osteoarthritis in former 
elite soccer players: a systematic review of the recent literature. Journal of science and medicine 
in sport. 2012;15(6):480-487. 
90. Ahmed OH, Hussain AW, Beasley I, Dvorak J, Weiler R. Enhancing performance and sport injury 
prevention in disability sport: moving forwards in the field of football. Br J Sports Med. 
2015;49(9):566-567. 
91. Ekstrand J, Hagglund M, Walden M. Injury incidence and injury patterns in professional football: 
the UEFA injury study. Br J Sports Med. 2011;45(7):553-558. 
92. Webborn N. Lifetime injury prevention: the sport profile model. Br J Sports Med. 
2012;46(3):193-197. 
93. Morrien F, Taylor MJD, Hettinga FJ. Biomechanics in Paralympics: Implications for Performance. 
International journal of sports physiology and performance. 2017;12(5):578-589. 
94. Abderhalden L, Weaver FM, Bethel M, et al. Dual-energy X-ray absorptiometry and fracture 
prediction in patients with spinal cord injuries and disorders. Osteoporosis international : a 
journal established as result of cooperation between the European Foundation for Osteoporosis 
and the National Osteoporosis Foundation of the USA. 2017;28(3):925-934. 
95. Giles KB. Injury resilience - let's control what can be controlled! Br J Sports Med. 2011;45(9):684-
685. 
96. Windt J, Gabbett TJ. How do training and competition workloads relate to injury? The workload-
injury aetiology model. Br J Sports Med. 2017;51(5):428-435. 
97. Vanlandewijck YC TW. The Paralympic athlete. Handbook of sports medicine and science. Oxford, 
UK: Wiley-Blackwell; 2011. 
98. Ljungqvist A, Jenoure PJ, Engebretsen L, et al. The International Olympic Committee (IOC) 
consensus statement on periodic health evaluation of elite athletes, March 2009. Clinical journal 
of sport medicine : official journal of the Canadian Academy of Sport Medicine. 2009;19(5):347-
365. 
99. Ferrara MS, Davis RW. Injuries to elite wheelchair athletes. Paraplegia. 1990;28(5):335-341. 
  
Appendix 1. Ovid MEDLINE Search Strategy 
 
 
1. paralympic.mp. or exp Sports for Persons with Disabilities/  or adapted sport*.mp. or para 
sport*.mp.  or athletes with impairment.mp. or adaptive sport*.mp. or para athlet*.mp. or 
paraathlet*.mp. para olympic*.mp. or exp Disabled Persons/ or handicapped athlet*.mp. or 
paralyzed athlet*.mp. or paralysed athlet*.mp. or disabled athlet*.mp. or disabled player*.mp. or 
physically challenged athlet*.mp. or handicapped sport*.mp. or disabled wheeler*.mp. or 
(handicapped adj3 sport*).mp.  
2. (wheelchair* adj2 (sport* or tennis or basketball or rugby or fencing)).mp.  
3. (para adj2 (cycling or canoeing or triathalon* or rowing or tennis or archery or shooting)).mp.  
4. (para adj3 (powerlift* or equestrian* or taekwondo or dance* or swim* or snowboard* or 
sail* or skii* or judo)).mp. 
5. (exp Disabled Persons/ or wheelchair*.mp. or exp wheelchairs/) and (exp Sports/ or Athletes/ 
or Sports medicine/) 
6. 1 or 2 or 3 or 4 or 5 
7. overuse injur*.mp. or Athletic Injuries/ or exp Cumulative Trauma Disorders/ or exp "Wounds 
and Injuries"/ or sport* injur*.mp. or athletic injur*.mp.   
8. 7 and 8 
 
 
